Gamma spectrometry is a technique used for measuring the quantitative and qualitative determination of radioisotopes emitting gamma radiation. Each element of the electronic measurement chain has its own limitations, and therefore may introduce noise in the recorded signal and thus make it difficult to interpret. In particular, the noisy and random nature of the output signal of the preamplifier, and the pileup phenomenon remain major problems in the field of gamma spectrometry signal processing.
For a better use of spectrometric signals, we propose in this work a method for adaptive filtering of the preamplifier output signal based on least mean-square algorithm (LMS). This choice is justified because of the simplicity and relevance of this method which is widely used in similar applications. The use of high performance data acquisition card and the implementation of this method on digital signal processor (DSP) allow real time processing of the recorded signals. Various tests were performed using different signals as reference input of the filter, both in the presence and absence of a gamma radiation source. Preliminary results show a significant improvement of the signal to noise ratio (SNR), especially when the reference input is chosen to be the recorded background noise of the detector.
Introduction
Gamma ray spectrometry is a technique aims to characterize, quantitatively and qualitatively, radioisotopes of an unknown radioactive source by studying the energy of their emitted gamma radiation. This method has evolved over several decades and continues to be developed due to the technological advances in the fields of instrumentation and calibration, data acquisition and processing systems, computer science and signal processing methods. Gamma ray spectrometry is widely used for environmental mapping, geological mapping and mineral exploration [1] , [3] .
The gamma ray spectrometry principle is based on converting the photonic energy, resulting from a photon interaction with a detector, into an electrical pulse, whose integral energy is measured [4] , [12] . For this reason, the electronic measurement chain of a gamma ray spectrometry system is composed by several electronic modules which can be represented such as shown in the block diagram of the figure 1 bellow. Each element of this chain has its own limitations, and therefore may introduce noise to the recorded signal and thus make it difficult to interpret [6] . We can distinguish three kinds of interferences that may distort the ideal spectrum:
• Interferences arising from the interaction of photons with matter;
• Interferences introduced by the electronic chain;
• Interferences caused by the stochastic nature of the recorded signal.
We are interested, primarily in the third type of interferences. In fact, due to the stochastic nature of the temporal signal, the identification of the radioactive elements remains to be very difficult, especially at high counting rates. Also, close arrival times of photons cause pileups of individual pulses. This phenomenon distorts energy spectra by introducing multiple fake spikes which can mask spikes of low intensity by prolonging artificially the Compton continuum [5] , [12] .
To overcome the problem of the distortion caused by the pileup phenomenon in the energy spectra, several methods were proposed. Anders and al. proposed the use of "Leaky discriminators" for multichannel analyzers to permit effective usage of two-pulser spectrum stabilization [7] . Pommé and al. have derived expressions from the Laplace transform of the interval-density distribution, for the expectation value and the variance of the counts [10] . In most recent study, Trigano and al. proposed an estimator obtained by direct inversion. They show that this estimator is consistent and almost achieves the usual rate of convergence obtained in classical nonparametric density estimation [12] . For a better use of spectrometric signals, we propose in this work a method for adaptive filtering of the preamplifier output signal based on recursive least mean-square algorithm (LMS) [9] , [11] . This choice is justified because of the simplicity and relevance of this method which is widely used in similar applications [8] , [9] , [10] .
The use of high performance data acquisition card and the implementation of this method on digital signal processor (DSP) allow real time processing of the recorded signals [6] . In fact, there are two manners for conceiving an adaptive filter [8] :
• a program running on an arithmetical processing device (microprocessor, DSP chip); • a set of logic operations implemented in a field-programmable gate array (FPGA) or in a semicustom or custom VLSI integrated circuit.
Various tests were performed using different theoretical and real-world signals as reference input of the filter, both in the presence and in the absence of a gamma radiation source. Preliminary results show a significant improvement of the signal to noise ratio (SNR), especially when the reference input is chosen to be the recorded background noise of the detector.
Methodology
An adaptive filter is a computational device that attempts to model the relationship between two signals, called primary and reference signal, in real time in an iterative manner [8] , [9] , [11] . This signal processing method is based on the adaptive noise canceller discussed by Widrow and al. [2] . The figure 2 illustrates the block diagram of an adaptive Wiener filter [9] , [11] . Subtraction of the best estimate from the primary input will produce the error signal as the output of the canceller:
The error is used in a feedback way to adjust optimality of the adaptive filter tap weights, in the mean square sense, until the correlation existing between the filter's inputs is completely removed at the output [8] , [9] , [10] . The filter converges toward the optimum filter when the minimum of the mean square error (MSE) is reached. The filter coefficients are adjusted using the LMS adaptive algorithm [9] , [11] . The h vector components are initialized to zero and updated according to the recursive formula:
The adaptation factor µ acts on the weights' fluctuation about their true values as they converge to the Wiener optimum solution. In addition, this factor controls the convergence and the rate of convergence as well. A too small value for µ will guarantee the convergence, thereby slowing the convergence rate [9] , [11] .
Results and discussion
In this application, the signal database was constituted by recording the output of the preamplifier of a HPGe Well Detector (Model GC3018) [3] , which used for environmental monitoring application.
The signals undergo a pre-processing step that eliminates the continuous component. Then they are filtered using the adaptive filter of order M. Different values of the parameters N and µ are tested to examine the effectiveness of the adaptive filtering technique. The minimum of the mean square error is reached when M = 11 and µ=0.999.
Based on these values, we performed vvarious tests using different signals as reference input of the filter, both in the presence and in the absence of a gamma radiation source. For safety and security reasons, we used a 4M solution of ten radionuclides whose gamma disintegration is limited and their time-life is short.
Preliminary results show a significant improvement of the signal to noise ratio (SNR), especially when the reference input is chosen to be the recorded background noise of the detector. The figures 3 and 4 below represent an example of the filtered signals. 
Conclusion
In this article we attempt to study the problem of filtering the output signal of the preamplifier of HPGe detector used in gamma spectrometry. Also, the proposed technique permits to mitigate to the maximum the pileup phenomenon. Thus, we found that an adaptive filter, of order M=11, based on least mean-square algorithm, produces the best results for spectrometric signal filtering, both in the presence and in the absence of a gamma radiation source. The obtained results show a significant improvement of the signal to noise ratio, especially when the reference input is chosen to be the recorded background noise of the detector and when the adaptation factor µ=10 -4 .
In a forthcoming work, we aim to evaluate the effectiveness of the conceived adaptive filter in real time gamma spectrometric acquisition tests. For that reason, we developed a sophisticated electronic data acquisition card which is endowed with a Complex Programmable Logic Device (CPLD). This card permits real time measurements' recording with a high precision while taking into account the corrections of the drifts of detectors calculated according to the sampling time.
